INTRODUCTION
The present study was undertaken in an attempt to recover new cytopathogenic agents from infants with severe lower respiratory illness (bronchopneumonia, bronchiolitis, and laryngotracheobronchitis) and to assess their etiologic significance in this disease complex. During the course of these investigations, two similar viruses were recovered -which were demonstrated to be indistinguishable from an agent associated with an outbreak of coryza in chimpanzees (CCA virus) studied by Morris, Blount and Savage (1) . It is the purpose of this communication to describe the isolation, properties and characterization of these agents. In the second paper of this series (2) the epidemiologic aspects of human infection with these viruses will be discussed.
MATERIALS AND METHODS
Tissue culture. The KB strain of human epidermoid carcinoma was grown in the chemically defined medium of Eagle (3) containing either 10 per cent normal inactivated (56 C) human or horse serum. Prior to use, the cultures were washed 3 times with Hanks' solution. Maintenance medium consisted of Eagle's medium with 2 per cent inactivated chicken serum. The Chang strain of human liver epithelium (4) was grown in Eagle's medium with 20 per cent inactivated horse serum and maintained in Eagle's medium with 4 per cent inactivated horse serum. Maintenance medium for KB and liver cultures was changed every 3 to 4 days.
Human amnion cultures were prepared according to the method of Takemoto and Lerner (5) . Maintenance medium for these cultures consisted of Medium 199 with 4 per cent inactivated horse serum. Monkey kidney epithelial cultures were prepared and maintained in Medium 199 (6) . For growth, 2 per cent inactivated calf serum was added whereas the maintenance medium contained no serum.
Specimens for virus isolation. Throat swabs from infants with respiratory illness and infants with nonrespiratory illness were immersed in 5 ml of Hanks' solution containing 2,000 units of penicillin, 2,000 micrograms of streptomycin and 150 units of mycostatin per ml. Specimens were tested immediately or after storage at -50 C. Two tenths ml of throat swab fluid was inoculated into each of 3 to 4 monkey kidney epithelium, KB and human amnion cultures.
Infectivity titrations and neutralization tests in tissue culture. These tests •were performed as described previously (7) . Twenty to 200 TCD 00 of vinos as measured by simultaneous titration were employed in the neutralization tests, which were read on the third or fourth day. Chang liver cultures were used in all neutralization tests.
Complement fixation. The method of Osier, Strauss and Mayer (8) was employed. Briefly, 0.2 ml of serum dilution, 5 C'H|s 0 (50 per cent hemolytic dose) of complement contained in 0.5 ml, and 0.5 ml of antigen were incubated at 3 to 5 C for 18 hours followed by 20 minutes at 37 C, after which 0.3 ml of sensitized sheep erythrocytes was added and the test incubated at 37 C for 1 hour. Positive serum controls, anticomplementary controls and a complement titration were included in each test.
Complement-fixation (CF) antigens were prepared from infected KB cultures which were frozen and thawed twice and centrifuged at 1,500 r.pjn. for 30 minutes. The supernatant fluid containing the antigen was stored at -50 C.
Measurement of particle size. Virus particle diameter was estimated by a modification of the method of Pardee and Schwerdt (9) which will be described in the text. The swinging bucket rotor (SW 39) of the Spinco Model L ultracentrifuge was used in the present experiments. The titrations for infectivity were performed with 3.2-fold dilutions and 8 culture tubes per dilution. The standard error of these titrations, as calculated by the method of Pizzi (10), was less than 10 OS . The centrifuge constant (K) was determined experimentally with purified type 1 poliovirus whose density and particle diameter are known. A suspension containing 1,000 PFU (plaque-forming units) per ml was employed. Infectivity titrations were carried out at 3-fold dilutions with four 100-millimeter monkey (Erythrocebus patus) kidney monolayer plates per dilution. The value of K obtained was 3.1 X 10".
Production of antiserum. Guinea pigs were immunized by 3 weekly intraperitoneal inoculations of 1 ml of infected tissue-culture fluid. Rabbits were given 3 weekly intravenous inoculations of 1 ml each followed by 2 weekly intramuscular inoculations of 1 ml of infected culture fluid combined with 2 ml of a mixture of Mycobacterium, butyricum, paraffin oil and arlacel.
Other viruses. 
RESULTS

Isolation of agents.
An unusual cytopathogenic agent was recovered in KB 'culture from the throat swab of one of 41 patients with bronchopneumonia (patient Long) and from one of 18 individuals with laryngotracheobronchitis (patient Snyder). Henceforth these agents will be referred to as Long virus and Snyder virus. Attempts to recover these agents after inoculation of throat swab fluid into monkey kidney and human amnion cultures were unsuccessful, although these cultures were held for 3 to 4 weeks in good condition.
The behavior of these agents during their early tissue-culture passages is shown in table 1. The interval before cytopathogeiaic effects were observed after inoculation of Long virus decreased during the second and third KB passages. The behavior of the virus during the third KB passage was typical of the virus in subsequent passages.
Long virus was reisolated from the original throat swab fluid in cultures of human liver epithelium (Chang strain). It is of interest that the incubation period during the first passage in liver was shorter than that observed in KB culture.
Patient Long developed both CP (a titer of < 1 in 4 in the acute serum and 1 in 80 in the convalescent serum) and neutralizing antibodies (a titer of < 1 in 4 in the acute serum and 1 in 64 in the convalescent serum) for Long virus. Patient Snyder developed CF antibody for Long virus ( a titer of < 1 in 4 in the acute serum and 1 in 8 in the convalescent serum) but tests with the homologous virus could not be performed because of insufficient serum.
Cytopathogenic effect in tissue culture. Both Long and Snyder agents produced cytopathogenic effects in liver and KB cultures. With undiluted tissue-culture fluid these effects were observed within 2 to 3 days while minimal quantities of virus required 5 to 8 days. After isolation in KB cultures, Long virus produced an effect in human amnion culture. A longer interval was required in amnion cultures before cytopathogenic changes were observed and progression was very slow. Thus Long KB passage 1, when inoculated into KB cultures, • produced an effect within 3 days and almost complete destruction of the cell sheet occurred by the fifth day, whereas amnion cultures inoculated simultaneously with the same material did not show an effect until 9 to 14 days, and the entire cell sheet was not involved by the twenty-second day.
The sensitivity of KB and liver cultures for Long virus was the same. A simultaneous titration of Long KB passage 5 in liver and KB cultures gave the same titer, i.e., 10° TCD no per ml.
The most striking effect of Long virus in tissue culture was the formation of syncytial areas. In KB cells a round cell degeneration also occurred but syncytium formation predominated. In liver and amnion cultures only syncytial areas were seen. The syncytial areas were characterized by a loss of cell boundaries and the accumulation of a varying number of intact nuclei in a region of homogeneous cytoplasm (figures 1 and 2). The chromatin pattern of the nucleus was altered ( figure  3 ). Thick chromatin strands appeared to radiate peripherally from a thick central mass indistinguishable from an inclusion body. Involved areas of infected liver cultures were similar to those seen in KB cultures.
Cytopathogenic changes were first seen as small circumscribed syncytial areas which were randomly distributed and which enlarged over a 24-hour period, at which time numerous other syncytial areas made their appearance. Usually, within 1 to 4 days the entire cell sheet was involved.
Physical properties. The diameter of Long virus was determined by centrifPiQURK 1. Normal KB cells. May-Grunewald-Giemsa stain. X 360. ugation in sucrose solutions of varying concentrations by a modification of the method of Pardee and Schwerdt (9) . Supernatant fluids were titrated for the residual infectivity. When the percentage of unsedimented virus was plotted against sucrose density the sucrose density at which all virus was sedimented was obtained by extrapolation. The su-" crose density at which no virus was sedimented was also obtained by extrapolation. The viscosity corresponding to the extrapolated sucrose density values was calculated from the data given by Bates (11) . From these values the particle diameter was derived by the formula given in table 2. In two independent experiments particle diameters of 105 and 107 millimicrons were obtained. The corresponding hydrated particle density values were 1.19 and 1.26. If these density values are taken as a range then the particle diameter may be estimated to be within a range of 90 to 130 millimicrons. It should be noted that the method employed for the determination of size merely provides a rough estimate that will require confirmation by more refined methods. The antigen responsible for complement fixation appears to have a smaller May-Grunewald-Giemsa stain, x 1500.
sedimentation constant than the infectious particle. Thus, centrifugation at 30,000 r. p. m. for 2.5 hours in the number 30 rotor of the Model L Spinco ultracentrifuge (78,410 X G average) failed to diminish the CF antigen titer of the supernatant fluid. Following additional centrifugation at 40,000 r.p.m. for 3 hours in the number 40 rotor (105,000 X G average) the potency of CF antigen in the supernatant fluid remained unchanged. It was possible to dissociate infectivity and CF antigen activity by centrifugation as shown in table 3. CF antigen was quantitatively recovered from the supernatant fluid while the pellets contained 90 per cent of the recoverable infective virus without any detectable CF antigen.
Other properties. Exposure of Long virus to 20 per cent ether for 16 hours at 4 C resulted in complete loss of infectivity. Attempts to demonstrate a hemagglutinin for chicken or human " O " erthrocytes were unsuccessful. No pocks were seen 3 days after inoculation of 10 and 100 TCD ao . of Long virus onto the chorioallantoic membrane of the 11-day embryonated egg. Multipli- where K -constant of centrifuge which wag experimentally deter-X \t(<r -p) mined to be 3.1 X 10' by tests with type 1 poliovirus, X = speed in r.p.m., n •• viscosity at which all virus was sedimented expressed in centipoises, t = time in minutes, a = density of sedimenting particle in grams per ml,, and p -density of sucrose at which all virus sedimented in grams per ml. cation of Long virus could not be demonstrated when 9-day embryonated eggs were inoculated with 10,000 TCD 50 into the amniotic sac and incubated for 6 days. Long virus was not pathogenic for 1-day-old mice by the intracerebral 1,600 or > 1,600 or > 1,600 or > * Centrifugation in swinging bucket rotor (SW 39L) => 71,000 X G (average) or intraperitoneal route. Long virus could be filtered through gradocol membranes of 590 and 960 millimicrons average pore diameter.
Relationship to CCA virus. CCA virus was received in the laboratory after Long virus had been isolated. CCA virus produced a cytopathogenic effect in liver and KB cultures which was identical to that seen with Long and Snyder viruses. By CF tests with paired human and chimpanzee sera (table 4) Long and Snyder viruses were indistinguishable from CCA virus. In neutralization tests with sera from immune guinea pigs and rabbits (table 5) Long, Snyder and CCA viruses reacted in a similar manner except for the tests with CCA immune guinea-pig serum. Although the postimmunization CCA guinea-pig serum neutralized Long virus, the homologous titer with CCA virus was 8-fold higher. Relationship to other viruses. The cytopathogenic effects produced by Long virus was distinct from that character-' istic of the adenovirus group. Long virus was not related antigenically to the adenoviruses as shown by the nonassociation of rises in CF antibody for Long and adenoviruses in infants with or without respiratory illness (table 6). The history of these infants will be described more completely in the accompanying communication (2) .
Long virus was not antigenically related to other human viruses which produce syncytial changes in tissue culture (table 7) .
Long virus was distinct from the primary atypical pneumonia (PAP) virus of Liu and Eaton (12) . A l-in-4 dilution of a serum from a PAP immune rabbit (homologous titer of 1 in 256) failed to neutralize Long virus. In addition, CF antibody for Long virus was not detected nor was a change in Long neutralizing antibody observed with paired serum specimens from a PAP patient who developed neutralizing antibody for PAP virus during convalescence. Long vims was not related to the psittacosis-LGV group of viruses since a human serum with a psittacosis CF titer of 1 in 160 failed to fix complement in a l-in-5 dilution with Long CF antigen. DISCUSSION Morris, Blount and Savage recovered a virus (CCA) from an outbreak of mild respiratory illness in chimpanzees (1). This illness, was reproduced in susceptible chimpanzees by the intranasal instillation of tissue-culture CCA virus. In the present study two viruses (Long and Snyder), which were similar in tissue-culture cytopathogenic effect and antigenic properties with CCA virus, were recovered from infants with severe lower respiratory illness. The development of antibody to Long virus during the convalescence of these infants confirmed that Long and Snyder viruses were derived from human sources. It is clear, therefore, that agents indistinguishable from CCA virus are capable of causing human infection. However, this does not prove that Long and Snyder viruses were responsible for the associated illnesses in these infants. This problem and the role of this group of agents in respiratory illness of infancy will be considered in the accompanying communication (2) .
The most striking property of Long and Snyder viruses was their ability to produce large syncytial areas in KB and liver cultures. Of the viruses which infect human beings only measles, mumps and CA viruses have been previously shown to produce syncytial changes in cultures of various types (7, 13, 14) . Antigenically these viruses are distinct from the agents isolated in this study. In addition, mumps and CA viruses can be distinguished by their ability to agglutinate human and chicken erythrocytes. Measles virus produces syncytial changes in KB cultures but at least 5 weeks are required for complete cell destruction (15) whereas Long and Snyder viruses destroy the cell sheet within 3 to 6 days.
Similar to the adenoviruses, Long virus produces a CF antigen distinct from the infectious particle. However, the type of cytopathogenic effect produced in KB cultures, ether sensitivity and the lack of antigenic relationship in CF tests with human sera clearly distinguish Long virus from the adenovirus group.
SUMMARY
Two viruses, which were indistinguishable from an agent associated with coryza in chimpanzees (CCA virus), were recovered from infants with lower respiratory illness. The agents isolated in this study were characterized by the occurrence of a syncytial cytopathogenic effect in KB or human liver tissue culture and the production of a CF antigen which was separable from the infectious particle by centrifugation. The particle diameter was estimated to be 90 to 130 millimicrons. These agents were not related to the adenovirus group nor to other currently known viruses which cause respiratory illness.
